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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Nuclear energy — Determination of total hydrogen content
in PuOz and UO2 powders and UOz, (U,Gd)O2 and (U,Pu)

02 sintered pellets — Inert gas extraction and conductivity
detection method

1

This|International Standard describes a procedure for measuring the total hydrogen c
and PuO; powders (up to 2 000 pg/g oxide) and of U0z and (U,Gd)02 and (U,Pu)O; pellets (i
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Normative references

cope

). The total hydrogen content results from adsorbed water, water of crystallization, h
ther hydrogenated compounds which can exist as impurities in the fuel.

following documents, in whole or in part, are normatively<referenced in this docunj
pensable for its application. For dated references, only‘the edition cited applies. |
ences, the latest edition of the referenced document (incliding any amendments) appl

EC Guide 98-3:2008, Uncertainty of measurement — Part 3: Guide to the expression of u
urement (GUM: 1995)

Principle

otal hydrogen content is determined.using a hydrogen analyser. The hydrogen analyse
arrier gas method using argon or nitFogen as carrier gas. The samples to be analysed a
emperature of more than 1 770 °€ih a graphite crucible. Atthat temperature, all volatile
emoved. The hydrogen containing compounds are cracked and released as hydrog
gen, and carbon monoxidexThe released gas is purified in the carrier gas stream, for

hermal conductivity(cell.

nterference

femperatureé of >1 770 °C should be reached in a short time, within approximately 5
nposition’of the released water to hydrogen and oxygen might not be complete.

mperatures of more than 2 200 °C, carbon dioxide is released because of a reductid

omtent of UOy
{gto 10 ug/g

drocarbon,

ent and are
For undated
es.

ncertainty in

ris based on
e heated up
components
ren, oxygen,
example by

ition and adsorption colunins. The hydrogen is separated by chromatographic means and analysed

s; if not, the

n of UOy by

tonductivity

grap

T ttororit

measurement.

U0z + C— U0 +x/2 COy

5 Reagents and materials

Use reagents of recognized analytical grade. The reagents and materials below serve as examples to be

used

according to manufacturer recommendation.

5.1 Carrier gas. Use argon with a purity of a volume fraction 299,995 % or nitrogen with a purity of a
volume fraction =99,998 %.
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5.2 Calibration gas. If calibration is performed with gas, use Argon or nitrogen with certified
hydrogen content or carrier gas mixed with a known amount of hydrogen with a purity of a volume
fraction 299,999 %.

5.3 Reference material.l) If calibration or calibration check is performed with a standard material, use
a reference material with certified hydrogen content (e.g. titanium or zirconium).

5.4 Copper(Il) oxide, CuO purifies the carrier gas (Ar/N3), converting H to H;O.

5.5 Absorption media for H0. After converting H, to Hp0 (§5.4), anhydrone [Mg(Cl0O4)2] is used to
trap H3O0.

Calite
iring

5.6 Oxidationreagent for CO, Schutze reagent (iodine pentoxide over silica gel) preceded by, Hop
[manganese| oxide/copper(Il) oxide] oxidizes CO to COz present in the carrier gas or extracted d

measureme]

nt.

5.7 Absonption media for CO2, sodium hydroxide over clay or equivalent will then absorb the C(

5.8 Fluxn
the melting

6 Appar

6.1 Hydrg
thermal con

eagents for reference material. Tin, copper; or nickel granules@re used as flux to accel
bf reference material.

atus

pgen analyser. It will consist in a furnace capable‘to reach temperature of at least 2 200
ductivity cell and gas purifying systems.

6.2 High purity graphite crucible, suitable for the’appropriate sample types.

The impurit]

6.3 Hydrg

y content should not exceed 2 pg/g.

)gen free tin, copper, or nickel capsules.

6.4 Balance, with precision of 2-mg.

7 Sampling

7.1 Samp

7.1.1 Pow

ling procedure

rders

erate

°C,a

Sampling is done with a tube shaped powder sampler having an inner diameter of more than 2,5 times
of the maximum powder particle size. The sample shall be exposed to ambient conditions for not
longer than 5 min because alterations of the powder sample due to moisture adsorption or desorption
or oxidation have to be avoided. The sample has to be stored in tight containers. The gas volume in
the container should be as low as possible. In case the analysis is not performed immediately after the
sampling, the sample mass has to be controlled before and after storage period prior to the analysis.
These precautions can be relaxed if the analysis process is made under controlled gas environment
(glove box environment).

1) Reference materials are available for example from “National Institute of Standard and Technology (NIST)” or
“LECO Corporation”. This information is given for the convenience of users of this document and does not constitute
an endorsement by ISO of these products.
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7.1.2 Pellet

When sampling the fuel pellets, ensure that pellets are not contaminated with Hp; use metal forceps or
pincers for sampling pellets. The sample should be representative for the manufacturing process (e.g.
storage of the pellets).

7.2 Preparation

7.2.1 Powder

Powﬁ.euamﬂwn&ﬁﬂﬂulomﬂ&&é#@ﬂmﬂamﬂ;ﬂmﬁhmwtively, the
powdler samples can be inserted as pressed bodies (“green pellets” prepared without additjves).

NOTH A compromise solution between precision and sustainable development (wastes recyclinig) is to delete
the upe of capsules.

7.2.2 Pellet

Sintgred fuel pellets can be analysed without any preparation step. If thepellets are dried before the rod
filling in the rod fabrication process, the sample should be dried befare‘analysis to be reprgsentative of
mantyifacturing conditions.

8 Procedure

8.1 | Blank test

The pnalyser is checked by performing blank measurements proving the integrity of the purifying
unity and the tightness of the equipment. Blank'values exceeding the analyser detection ljmit require
adequate measures of correction.

8.2 | Calibration

8.2.1 Calibration of the analyser

Hydiogen analyser shall becalibrated before sample measurement. There are two possibilities of
calibjration:

— (¢alibration withrgas;
— (¢alibration With certified standards.

The ¢alibration will depend on the type of analyser, it can be performed by the analyser manufacturer
and/pr the'final user. The calibration range and the number of standards will depend on thg equipment,
the finabuse, and the range of available standards.

In case of calibration with gas, a well-defined volume of the calibration gas (5.2), which is corrected on
standard conditions, is inserted and analysed. This calibration is performed three times.

In the case of calibration with certified standards, they are weighed to the nearest 1 mg accuracy.

8.2.2 Check of the calibration

To check the calibration of the equipment, reference material (5.3) is weighed to the nearest 1 mg
accuracy [flux reagents (5.8) can be used to help for fusion]. The released hydrogen is determined.
The measured values can differ from the certified values by not more than the total uncertainty of the
analysis process. If not, the calibration is repeated.

© IS0 2015 - All rights reserved 3
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8.3 Determination
Weigh the sample to the nearest 1 mg.

The empty graphite crucible is purified in a carrier gas stream during at least 30 s by heating at a
temperature above the analysis temperature.

Insert sample (sintered pellet, green pellet, encapsulated powder) into the analyser.
Purge with carrier gas during at least 30 s.

The sample is dropped into the crucible and heated up to atleast 1 770 °C.

The hydrogen content is measured, during at least 60 s to extract Hy from all the hydregenated
compounds

9 (Calculation

Calculate the hydrogen mass fractions (ug/g sample) using Formula (1):

Mu
WH2 :_m_z (1)
where

wy iis the hydrogen mass fractions, in pg/g sample;
2

my ils the mass of the hydrogen in pg, corrected pfthe blank;
2

m is the mass of the sample, in g.

If a result expressed as pg hydrogen per g U, pg hydrogen per g(U+Pu), or pg hydrogen per g(U+({d) is
required, the results are converted as follows:

[WH ] g/ gM= (H ng / oxide)x'100
21M % M content of sample

(2)

[W ] is the hydrogen mass fractions, in pg /gM;
Hy |,

M i’ or (U+Pu) or (U+Gd).

10 Precision

The repeatability standard deviation, Sr, of the hydrogen detection system can reach s, = 0,18ppm —
RSD =15 % relative in the following conditions:

— 10 measurements of a reference material;
— same calibration with Hz-gas during the 10 measurements; and
— reference material of about 10 g with 1,2 pg/g of Hyp;

The total uncertainty, taking into account the accuracy of the reference material and the precision error
of the calibration (mainly influenced by the kinetics of moisture release and of HpO-reduction on the
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